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Differences in wound healing between horses and ponies have provided valuable informa¬ 
tion about the intrinsic process of wound healing and the complications that are relatively 
frequently encountered in the equine. Primary intention healing in ponies is less often 
complicated by wound dehiscence and bone sequestrum formation compared with horses. 
Second intention healing is faster in ponies than horses due to a stronger initial inflam¬ 
matory response and greater contribution of wound contraction to wound closure. These 
differences can to a large extent be explained by differences in the local inflammatory 
response, which in turn are caused by differences in the functional capacity of the 
leukocytes. The wound healing process can be divided into several overlapping phases 
representing the events occurring during healing Ceg, the inflammatory phase, formation of 
granulation tissue, wound contraction and epithelialization) This paper describes the 
differences between horses and ponies during these phases and reflects the research 
results on the treatment of equine wounds. Research has resulted in the perception that in 
clinical practice a maximal effect of treatment will be obtained if a differential approach is 
chosen, optimizing conditions for each successive phase of the wound healing process. 
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H orses frequently suffer traumatic wounds and healing of 
these wounds is often delayed and complicated com¬ 
pared with other species. Although primary or delayed 
wound closure is the preferred approach to treatment, many 
cases present with excessive tissue loss and contamination 
and/or severe vascular compromise making second-intention 
healing the only option . 1 Second-intention healing is often 
protracted and complications, such as wound infection, the 
formation of exuberant granulation tissue and hypertrophic 
scars, are frequent. These complications are most common in 
limb wounds, whereas extensive body wounds heal relatively 
well . 2 ' 3 Delayed and complicated wound healing leads to sig¬ 
nificant wastage as a considerable number of horses cannot 
continue their athletic career because of persisting lameness, 
swollen limbs and extensive scars. 

Recent research has revealed differences in wound healing 
between horses and ponies . 4-6 The results of these studies 
have provided important insight into the basic processes of 
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wound healing seen in horses and ponies and the common 
complications seen in horses. As the basic knowledge of the 
phases of the wound healing process increased, it became 
obvious that treatment approaches should take into consid¬ 
eration each individual phase and the essential differences 
between these phases to optimize the outcome. Therefore, 
veterinarians should have a workable knowledge of the 
events occurring during wound healing, the factors that may 
influence these events, and the effects of treatment to opti¬ 
mize wound repair. 

Differences in Wound Healing 
between Horses and Ponies 

Primary Intention Healing 

Primary closure of traumatic wounds is preferred because 
healing is usually faster and the cosmetic results are better 
than after second-intention healing. Unfortunately, primary 
closure may result in either partial or complete dehiscence of 
the wound. Whether a wound undergoes dehiscence or not 
depends on many factors including individual animal-related 
factors, the wound itself, environmental factors and methods 
of treatment . 1 * ’ 7 Infection appears to be the main cause for 
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Table 1 Success Rate of Primary Closure of Traumatic Wounds in Horses and Ponies, and the Formation of a Sequestrum when 
Exposed Bone Was Present C* P < 0.05) 



Horses 

( 422 ) 

Ponies 

( 89 ) 

Horses 

% 

Ponies 

% 

Euthanasia 

85 

22 

20 

25 

Treatment: 

337 

67 

80 

75 

Other than primary closure 

120 

26 

36 

39 

Primary closure: 

217 

41 

64 

61 

Successful 

53* 

16* 

24 

39 

Dehiscence 

151 

23 

70 

56 

Unknown 

13 

2 

6 

5 

Exposed bone 

105 

23 



Sequestrum 

33* 

1* 

31 

4 

No sequestrum 

72 

22 

69 

96 


wound dehiscence, although other factors such as tension on 
the wound margins and excessive movement of the sutured 
region also play a roll. Healing of a wound is also somewhat 
dependent on what structures are involved. Damage to the 
periosteal layer and exposure of the cortical bone can lead to 
the formation of a bone sequestrum and complicate healing. 
Apparently bone sequestrum occurs only if exposure is fol¬ 
lowed by infection of the cortical bone. 8 Therefore, wound 
infection affects primary closure either by causing wound 
dehiscence and the formation of a bone sequestrum. 

Factors that may influence the chances of wound infection 
include the elapsed time from injury, the degree of contam¬ 
ination, the degree of tissue damage, and the thoroughness of 
wound debridement and lavage which appear to be the most 
important. 1 ’ 7 The number of bacteria left after surgical de¬ 
bridement is critical, in combination with factors in the en¬ 


vironment that facilitate colonization, such as dead space and 
devitalized tissue. 

Although bacterial colonization and development of infec¬ 
tion are greatly influenced by the administration of antibiot¬ 
ics, the effectiveness of the inflammatory response is as least 
as important for the prevention of infection. 9 ’ 10 

All above-mentioned factors related to wound infection 
have been evaluated in relation to the success rate of healing 
under clinical circumstances and compared between horses 
and ponies in a retrospective study. 6 The records of over 500 
equine patients with traumatic wounds admitted to a referral 
clinic were used for this retrospective study. Patients were 
divided into horses and ponies dependent on the average 
adult wither height of the breed. The ponies were defined as 
<1.48 m, the others as horses. The treated ponies and horses 
were of similar age and sex. In both groups more than 60% of 



Figure 1 (A) Distal limb wound in a 4-year-old pony that healed successfully after primary closure, without dehiscence. 
(B) Dehiscence of a wound on the elbow as a result of wound infection. 
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Figure 2 Wound area as a function of time (mean + s.e.m.). HMT = metatarsal wounds of the horses; HB = body 
wounds of the horses; PMT = metatarsal wounds of the ponies; PB = muscle wounds of the ponies (reprinted with 
permission 4 ). 


the wortnds were located on the lower limbs (carpus, tarsus 
and distal to these sites). The wounds were comparable for 
location, duration and degree of contamination. However, in 
the ponies the wounds were generally deeper, with signifi¬ 
cantly more ruptured extensor tendons and more cases with 
a damaged periostium and exposed bone. Primary closure 
was attempted in approximately two-thirds of both ponies 
and horses. The closure was attempted more often in ponies 
while they were standing. Management after surgical treat¬ 
ment differed between horses and ponies: antibiotics and 
NSAIDs were given significantly less often to ponies, with no 
differences in the period of administration and choice of 
medication. Bandaging techniques and the frequency of ap¬ 
plication of a rigid cast were comparable for both groups. 
Successful primary closure was defined as complete healing 
by primary intention without any degree of dehiscence 
(Fig. 1). The study revealed that primary closure was signif¬ 
icantly more often successful in ponies than in horses, and 
bone sequestra were formed significantly less often in ponies 
(Table 1). These findings suggest that wound infection af¬ 
fected healing less in ponies even though the conditions were 
less favorable. Ponies had a greater chance of a heavier bac¬ 
terial challenge than horses by having deeper wounds, less 
thorough wound debridement in the standing position, and 
receiving antibiotics less often. Wound infection occurs 
when the level of bacterial contamination exceeds the capac¬ 
ity of the local tissue defenses. The local defense against the 
invasion of bacteria is determined by the inflammatory re¬ 
sponse. 9,10 Therefore, the results of this retrospective study 
suggest that the inflammatory response is more effective in 
ponies than in horses. 

Second Intention Healing 

Second-intention healing is a lengthy process, which often 
cannot be entirely controlled. 1 Historically, research on sec¬ 
ond-intention healing in horses focused on superficial full 


thickness skin wounds, which are hardly representative of 
wounds commonly seen in clinical practice. In the 1980s and 
1990s observations from some studies posed the question 
whether ponies would heal faster without the formation of 
exuberant granulation tissue, as seen in horses. 11-13 However, 
none of these studies were specifically set up to investigate 
differences in wound healing between horses and ponies. As 
such it was proposed that these differences may provide im¬ 
portant information about the basic biology of healing within 
the equine species. Research was performed in horses and 
ponies using standardized deep excisional wounds on the 
metatarsi and hind-quarters. The wounds exposed the bones 
on the metatarsi and had a depth of 18 mm on the hindquar¬ 
ters. This research confirmed differences in second-intention 
wound healing between horses and ponies: ponies healed 
significantly faster than horses (Fig. 2). 4,5 The following stud¬ 
ies showed that these differences could be explained by dif¬ 
ferences in leukocyte-function. 14-16 

The wound healing process can be divided into several 
overlapping phases representing the events occurring during 
healing, eg, the inflammatory phase, formation of granula¬ 
tion tissue, wound contraction and epithelialization. Re¬ 
markable differences in these phases between horses and 
ponies are related to the speed and efficiency of healing. 4,5 
The following discussion will relate to the aforementioned 
retrospective study. 

Inflammatory Phase 

During the inflammatory phase platelets, polymorphonu¬ 
clear leukocytes (PMNs) and macrophages migrate to the 
wound site. The latter two cell types clear the wound of 
contaminating bacteria and nonviable tissue. Macrophages 
additionally release a plethora of biologically active sub¬ 
stances, which are essential for the recruitment of more in¬ 
flammatory and mesenchymal cells and start up the healing 
process. 10 
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Figure 3 Histological appearance of the superficial layer of the granulation tissue of a horse wound (A) and a pony 
wound (B) after 1 week of healing. The initial influx of leukocytes had been faster in ponies than in horses. 


In ponies, inflammation was seen earlier and a healthy gran¬ 
ulation bed developed more rapidly, whereas in horses the gran¬ 
ulation tissue remained irregular and purulent for longer with 
persistent fibrin depositions. 4 - 5 The initial influx of leukocytes in 
the wounds was faster in ponies than in horses, resulting in a 
higher number of PMNs during the first 3 weeks of healing in 
ponies (Fig. 3). 5 The PMNs subsequently disappeared rapidly in 
these wounds. In the horses, the influx was slower and the initial 
number of PMNs was lower, but thereafter the number re¬ 
mained persistently elevated (Fig. 3). 5 Further research showed 
that leukocytes of ponies produced more reactive oxygen spe¬ 
cies, which are necessary for bacterial killing. They also pro¬ 
duced higher levels of other inflammatory mediators (TNFa, 


IL-1, chemo-attractants, TGF-/3), 15 - 16 which are essential for the 
reinforcement of the inflammatory response, for the induction 
of formation of granulation tissue and for wound contraction. 

In other words, the inflammatory response in ponies is 
initially stronger and of shorter duration. In contrast, the 
inflammatory response in horses is initially weak but then 
protracted. The course of the inflammatory response in po¬ 
nies appears to be more efficient for the wound healing 
process. 

Formation of Granulation Tissue 

Fibroblasts, endothelial cells and macrophages move into 
the wound space as a unit and are dependent on each 
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Figure 4 (A) The formation of granulation tissue in the horses was fast. After 1 week, the exposed metatarsal bone was 
completely covered with granulation tissue. (B) In contrast, the exposed bone in the ponies was still visible, and this 
lasted nearly 3 weeks. 


other. 9 Macrophages are still believed to provide a con¬ 
tinuing source of cytokines and growth factors necessary 
for the stimulation of fibroplasia and angiogenesis. Fibro¬ 
blasts also are responsible for constructing a new extracel¬ 
lular matrix (ECM) needed to support cell ingrowth, and 
blood vessels transport oxygen and nutrients necessary to 
sustain cell metabolism. 17 Fibroblasts use the fibrin clot as 
a provisional matrix and rapidly replace it with a new loose 
ECM consisting of glycoproteins (fibronectin and lami¬ 
nin), proteoglycans (hyaluronic acid) and collagens (ini¬ 
tially mainly type III, later type I). 18 Granulation tissue fills 
in the wound gap, and is necessary for wound contraction 
and for the migration of epithelium. 

In the horses, the exposed metatarsal bones were com¬ 
pletely covered with granulation tissue within one week, 
whereas complete coverage of the bones took nearly 3 weeks 
in ponies 4 (Fig. 4). After 2 weeks of healing, the granulation 
tissue of all wounds of both horses and ponies protruded 
somewhat above the level of the surrounding skin. At week 3, 
the limb wounds of the horses showed exuberant granulation 
tissue at both distal and medial wound margins, whereas in 
the limb wortnds of the ponies this was only seen distally 
(Fig. 5). Also the wounds on the hindquarters had formed 
exuberant granulation tissue at all wound margins. After the 
wounds were left uncovered, exuberant granulation tissue 
disappeared spontaneously during the following week in 
most wounds, except the limb wounds of the horses, where 
the exuberant granulation tissue had to be trimmed. 4 The 
granulation tissue in the ponies became regular significantly 
sooner and it was pink and glistening significantly earlier 


than that seen in the horses. The tissue in the horses showed 
grooves and clefts for a much longer period and were puru¬ 
lent up to week 5 after the creation of the wound (Fig. 6). 
Flistology showed that the proliferation of the horse fibro¬ 
blasts continued, even after the wound had been completely 
filled with granulation tissue, whereas the pony fibroblasts 
ceased proliferation when the wound was filled in. Besides, 
the appearance of the granulation tissue was disorganized in 
the horses compared with the regular organization seen in 
ponies. 5 

Accordingly, the formation of granulation tissue in horses 
appears to be excessively fast, not only compared with other 
species, as was found in the past, 19 but also compared with 
ponies. 4 The fast formation and the persistent proliferation 
probably result in the formation of exuberant granulation 
tissue. 4 ' 5 

Wound Contraction 

Wound contraction is caused by the action of differentiated 
fibroblasts (myofibroblasts) in the granulation tissue, which 
contain filaments of smooth muscle actin. Contraction of 
these fibroblasts makes the wound margins move toward the 
center of the wortnd. 17 ' 20 

Wound contraction started sooner in ponies than in horses 
and it was significantly more pronounced in ponies (Fig. 7). 
Additionally, it was significantly more pronounced in body 
wounds compared with the limb wounds. As a result, sec¬ 
ond-intention wound healing was significantly faster in po¬ 
nies than in horses, and significantly faster in body wounds 
than in metatarsal wounds. 4 Flistology showed that myofi- 
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Figure 5 (A) After 3 weeks, the limb wounds of the horses showed more exuberant granulation tissue at both distal and 
medial wound margins. (B) The limb wounds of the ponies showed less exuberant granulation tissue only at the distal 
wound margin. 


broblasts were more organized in the wounds of the ponies: 
the myofibroblasts in the newly formed granulation tissue 
were transformed into a regularly organized pattern within 2 
weeks, in which the cells were orientated perpendicular to 
the vessels and parallel to the wound surface. This appears to 
be a more favorable condition for wound contraction to oc¬ 
cur. In the horses, myofibroblast organization took much 
longer. No differences were found in the number of fibro¬ 
blasts, the amounts of smooth muscle actin and collagen. 5 
Further research was performed to investigate whether the 
differences in wound contraction between horses and ponies 
were caused by differences in the inherent contraction capac¬ 
ity of fibroblasts or the local environment of the fibroblasts. It 
was found that no differences existed in the inherent contrac¬ 
tion capacity of fibroblasts from ponies and horses in vitro. 14 
Flowever, the level of Transforming Growth Factor /3, the 
most important instigator of wound contraction, was signif¬ 
icantly higher in the granulation tissue of pony wounds com¬ 
pared with horse wounds. 15 

In summary, the greater contribution of wound contrac¬ 
tion to wound closure in ponies compared with horses results 
in a faster second-intention wound healing process in ponies. 
The differences in wound contraction are not caused by the 
contractile capacity of the fibroblasts but by mediators in the 
granulation tissue, such as TGF-/3. Wound contraction ap¬ 
pears to be an important mechanism of wound closure in the 
equine species because it occurs relatively early in the healing 
process and results in a fast closure of the wound by full 
thickness skin. Consequently, wound contraction deter¬ 


mines largely the speed of second-intention wound healing 
and the final cosmetic appearance of the scar. 

Epithelialization 

Epithelialization occurs during the final phase of wound clo¬ 
sure and is a very slow process (1 mm/10 days at the most in 
limb wounds of horses). 7 Although macroscopically it can 
only be observed from about 2 weeks after wounding, epi¬ 
thelialization starts a few hours after trauma with the migra¬ 
tion of keratinocytes. Proliferation occurs after about 2 days, 
evoked by the secretion of many cytokines and growth fac¬ 
tors by fibroblasts, inflammatory cells and by the keratino¬ 
cytes themselves. 18 - 21 Epithelialization is impaired by fibrin 
remnants of the clot in the wound bed, chronic inflammation 
and exuberant granulation tissue. 22 Newly formed epithe¬ 
lium lacks skin adnexa and is thin and fragile because it has 
few epidermal projections 2 and this part of the wound re¬ 
mains visible as a superficial scar. 

The mitotic activity of the epithelial cells was similar for 
horses and ponies during the first weeks of healing. Flowever, 
the activity in all groups was temporarily reduced in week 3, 
when exuberant granulation tissue was present. 5 Thereafter, 
epithelialization became different for ponies and horses, limb 
and body wounds. An inverse relation between the epitheli- 
alized area and wound contraction developed: wounds dem¬ 
onstrating more wound contraction, showed less epithelial¬ 
ization. On the other hand, more epithelialization was seen 
when limited wound contraction occurred such as in the 
limb wounds of horses (Fig. 7). In these wounds epithelial¬ 
ization was particularly fast and from 6 weeks onwards sig- 
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Figure 6 (A) The granulation tissue in the horses showed grooves, clefts and a purulence after 4 weeks, whereas (B) the 
tissue in the ponies was regular, pink and glistening sooner. 


nificantly faster compared with all other wounds. 4 Finally, 
these wounds had the largest area of newly formed inferior 
epithelium and the most pronounced scars (Fig. 8). 

In other words, epithelialization is slower when wound 
contraction is more rapid, as seen in ponies. This may be the 
result of the decrease in length of the wound margins by 
wound contraction from which epithelialization occurs. The 
effect of faster epithelialization on the speed of wound heal¬ 
ing is limited because the process is inherently slow. When 
epithelialization is the primary mode of wound closure, this 
results in more extensive scars. The mitotic activity of epithe¬ 
lial cells is negatively influenced by the presence of exuberant 
granulation tissue and/or factors inducing exuberant granu¬ 
lation tissue. 

Clinical Application 
of Research Results 

Primary Intention Healing 

A retrospective study showed that ponies healed more favor¬ 
able than horses after primary closure of traumatic wounds, 
although conditions were less favorable. 6 This means that the 
prognosis of traumatic wounds is better in ponies than in 
horses and expected costs of treatment are lower. In cases in 
which a pony-owner maybe reluctant to treat because of the 
costs in relation to the relatively low economic value of the 
animal, the better prognosis may justify treatment. 

The results of primary closure show an important role of 
wound infection as a detrimental factor in the process of 
healing, and the important role of the inflammatory response 
in local defense. As yet, there are no proven ways to stimulate 


the inflammatory response to improve the local defenses; 
thus prevention of wound infection is of paramount impor¬ 
tance. Therefore, the number of contaminating bacteria 
should be reduced, and infiltration and proliferation 
prevented. 

Bacterial numbers can be reduced by low pressure (10-14 
PSI) irrigation and thorough surgical debridement of the 
wound. This may even be more important than previously 
assumed. As thorough irrigation and debridement are more 
difficult to achieve in the standing animal, general anesthesia 
is preferred, especially when treating extensive limb wounds. 
Although primary closure in the standing animal may be seen 
as a physical challenge by the attending veterinarian, it is 
probably only warranted in very fresh and clean wounds. The 
debridement of exposed cortical bone also seems essential in 
prevention of infection and subsequent formation of a bone 
sequestrum. 

Infiltration and proliferation of bacteria can be prevented 
by proper antimicrobial prophylaxis. Broad-spectrum antibi¬ 
otics should always be given to horses and ponies with ex¬ 
tensive traumatic wounds particularly those that expose 
bone. The intravenous route is recommended to ensure im¬ 
mediate high tissue levels. The application of the regional 
perfusion techniques 23 can be used in conjunction with the 
systemic administration of broad spectrum antibiotics. In the 
case of a referral, broad-spectrum antibiotics should be ad¬ 
ministered intravenously by the veterinarian who first at¬ 
tends the wounded horse. 

The fact that the inflammatory response should initially be 
stimulated and not inhibited, implies that corticosteroids 
should not be used, and the routine use of NSAIDs is disput- 
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Figure 7 (A) After 9 weeks of healing the metatarsal wounds of the horses had decreased in size. The tattoos close to the 
original wound margins show that only minimal wound contraction occurred but pronounced epithelialization is 
visible. (B) Wound closure in the metatarsal wounds of the ponies was to a large extent caused by wound contraction, 
whereas the epithelialization was limited. 


able. Adverse effects of NSAIDs have been reported on the 
migration of leukocytes, infection rate and on the healing of 
woitnds. 24-26 NSAIDs may therefore increase the likelihood of 
wound infection. However, the use of NSAIDs may be inev¬ 
itable in cases of (expected) severe lameness or abundant 
swelling that may compromise local circulation. In these se¬ 
lected cases, NSAIDs are used, but at as low of dose as pos¬ 
sible and only for a limited period. Additionally, other med¬ 
ications that have a negative influence on the inflammatory 
response, such as local anesthetics, should preferably not be 
applied as local infiltration into the tissue, but as a regional 
perineural block or line block distant from the wound. 1 

In conclusion, measures should be taken to reduce con¬ 
tamination and to prevent any negative effect on the inflam¬ 
matory response. 

Second Intention Healing 

Inflammatory Phase 

It has been proven experimentally that the influx of leuko¬ 
cytes in the wound is relatively slow in horses compared with 
ponies and that leukocytes of horses produce lower levels of 
inflammatory mediators. 5 - 16 As the inflammatory response is 
a prerequisite for starting up healing, the initial inflammatory 
response in horses should in fact be stimulated and not be 
inhibited. Therefore as stated previously, the use of cortico¬ 
steroids is not advisable and NSAIDs are questionable during 
the first phase of second-intention wound healing. Agents, 
which are toxic to leukocytes, such as some disinfectants, 
should be avoided. Additionally, wet bandages and hydro¬ 


therapy with cold water, used to “stimulate” the inflamma¬ 
tory phase, can be detrimental as they transiently decrease 
local tissue temperature and consequently cause vasocon¬ 
striction. A decrease in temperature slows biological pro¬ 
cesses and the ensuing vasoconstriction limits the supply of 
leukocytes, nutrients and oxygen. On the other hand, factors 
that increase inflammation, such as certain interactive dress¬ 
ing and topical agents, will stimulate healing. 27 This has been 
proven experimentally for the product Solcoseryl® (Solco 
Basle Ltd, Birsfelden, Switzerland). 28 A gel containing acti¬ 
vated platelets (Lacerum® BeluMedX, Little Rock, AK) may 
also be expected to stimulate inflammation, 29 as well as algi¬ 
nate dressings, acemannan-containing hydrogel (Carravet 
Wound Dressing®, Veterinary Products Laboratories, 
Phoenix, AZ), Iodosorb® (Smith & Nephew, Hull, UK) dress¬ 
ings, honey and sugar. These products have the potential to 
activate macrophages but are not specifically tested in horses. 
Bandages in themselves speed up the biological processes 
during this phase by increasing local temperature and the 
availability of oxygen by causing a shift of the hemoglobin 
dissociation curve. Independently whether a wound can be 
sutured or not, surgical debridement is advisable when ne¬ 
crosis, exposed cortical bone or frayed tendons are present in 
a wound of a horse, because cellular debridement by the 
inflammatory response in horses is slow. After debridement, 
it is advisable to bandage the wound with interactive dress¬ 
ings or topical gels. Unfortunately, we are not yet able to 
stimulate the initial inflammatory response in a more specific 
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Figure 8 Metatarsal wound of a horse, after 9 weeks of healing (A) and 1.5 years later (C), and a body wound of a pony 
after 9 weeks (B) and 1.5 years (D).The limb wounds in horses closed mainly by epithelialization and an unsightly scar 
was present after complete healing. The body wounds of the ponies closed mainly by wound contraction leaving no 
visible scar behind. 


way, although we know that this would be of benefit for the 
progress of wound healing in horses. 

Formation of Granulation Tissue 

Although the formation of granulation tissue in horses is fast, 
it is still desirable to stimulate the process until the wound 
has filled in. Many inflammatory mediators influence the 
formation of granulation tissue. However, the most impor¬ 
tant stimulus is the oxygen-gradient between the tissue and 
the wound surface. This is the way in which bandages and 
casts enhance the formation of granulation tissue 11 : by in¬ 
creasing the oxygen gradient and decreasing the pH. There¬ 
fore, initial stimulation of granulation tissue formation can be 


achieved just by bandaging the wound. Also a product such 
as Solcoseryl® and other occlusive dressings that promote 
moist wound healing stimulates this phase. However, stimu¬ 
lation should cease when the wound has filled in with gran¬ 
ulation tissue. 28 If the formation of exuberant granulation 
tissue persists the cause should be diagnosed and eliminated. 
Reasons for persistent formation of granulation tissue include 
bone sequestrum formation, irritation by moving ends of 
tendons, foreign bodies, wound infection or chronic inflam¬ 
mation. It has been shown that horses develop a persistent, 
chronic inflammation during second-intention healing 
which can have an important effect on the occurrence of 
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exuberant granulation tissue. In case a special cause cannot 
be diagnosed, chronic inflammation can be expected to play 
a role in causing exuberant granulation tissue. In those cases, 
the chance of formation of exuberant granulation tissue de¬ 
creases when surface contaminants and chronic inflamma¬ 
tion are limited through proper treatment of the wound. In 
some cases the use of antiseptic wound dressings (eg, Kerlix® 
A.M.D. gauze Kendall, Mansfield, MA) or the local applica¬ 
tion of antimicrobials for a limited period of 1 or 2 weeks may 
be helpful to decrease surface contaminants which attract 
leukocytes and stimulate chronic inflammation. Limited use 
of local corticosteroids may also be helpful. Generally one 
application at the first evidence of exuberant granulation tis¬ 
sue is all that is needed. Such treatments are not only helpful 
in this phase, but will also stimulate the phases of wound 
contraction and epithelialization. Excision is another option 
for treatment 11 and has to be done as soon as possible, be¬ 
cause exuberant granulation tissue inhibits wound contrac¬ 
tion and epithelial migration and mitosis. When proliferation 
of granulation tissue is persistent, the bandages can be left off 
temporarily to decrease the stimulus for further proliferation. 

Wound Contraction 

Since wound contraction determines the speed of second- 
intention healing and the final cosmetic result it needs to be 
stimulated. 4 The differences in wound contraction between 
horses and ponies appear not to be caused by the contraction 
capacity of fibroblasts, but by local tissue factors. 14 It is 
known that wound contraction is stimulated by Transform¬ 
ing Growth Factor-/3 (TGF-/3), 30 but inhibited by many in¬ 
flammatory mediators, 31 which are abundant during chronic 
inflammation. The low initial production of TGF-/3 and the 
frequent occurrence of chronic inflammation 4 - 5 ' 15 can there¬ 
fore explain the limited contribution of contraction to wound 
closure in limb wounds of horses. In this respect, it could be 
expected that the application of TGF-/3 to wounds in horses 
would stimulate wound contraction, however this was not 
the case in an experimental study. 32 It was conjectured that 
the application form of TGF-/3 or schedule of application was 
not optimal. Chronic inflammation should be prevented or 
inhibited, which means that stimuli causing a chronic inflam¬ 
matory response should be eliminated. Therefore, the wound 
must be protected from environmental micro-organisms and 
foreign material. This can be achieved by covering the wound 
surface with inert semiocclusive dressings. Further, the num¬ 
ber of bacteria on the wound surface has to be controlled, as 
they are strongly chemo-attractive to leukocytes. In some 
cases, it is necessary to apply local antibacterial therapy for a 
short term, but care should be taken that the vehicle used 
does not induce inflammation. Systemic antibiotics are less 
effective, because their effect in the most superficial layer of 
the granulation tissue is limited. Antiseptic dressings (Kerlix® 
A.M.D. Kendall, Mansfield, MA) or silver chloride-coated 
dressings (Silverlon®, Argentum, Lakemont, GA) may have a 
positive influence when used for a limited period to suppress 
superficial contamination. Sometimes, chronic inflammation 
will persist in which case the local use of corticosteroids may 
be considered. Flowever, corticosteroids should be used in¬ 
frequently and for short periods, as they not only inhibit the 
inflammatory response, but also other phases of wound heal¬ 


ing. Unfortunately, specific medication is not (yet) available 
to stimulate this phase. 

Epithelialization 

Epithelialization is the slowest phase of the healing process. 
The epithelialized part of the wound remains visible as a 
superficial scar. The conditions for optimum epithelialization 
include a regular, healthy bed of granulation tissue that does 
not protrude, and a moist environment. This phase is inhib¬ 
ited by exuberant granulation tissue and toxic products pro¬ 
duced by leukocytes during chronic inflammation. 10 Granu¬ 
lation tissue should be excised as soon as the surface 
protrudes the wound margins. Not only the abundant tissue 
is removed but also surface contamination and excess of leu¬ 
kocytes, which are mainly present in the superficial layers of 
the granulation tissue. Additionally, the number of clefts de¬ 
creases. This results in a healthier wound bed that is more 
favorable for contraction and epithelialization. As mentioned 
before, local antibacterial medication or antiseptic dressings 
may assist in reducing chronic inflammation and these are 
used preferably for a limited period of one or two weeks 
when necessary. A moist environment can be provided by 
semiocclusive dressings, however not by fully occlusive 
dressings, as these prolong healing time and stimulate the 
production of excess wound exudate and granulation tis¬ 
sue. 33 In large wounds, skin grafting will enhance the epithe¬ 
lialization phase dramatically by increasing the wound mar¬ 
gins from which epithelialization takes place. 

Conclusions 

Knowledge of the phases of the second-intention wound 
healing is essential for the decision how to treat a certain 
wound. A maximal effect of treatment will be obtained if 
conditions for each phase are optimized. This means that the 
treatment regimen has to change during healing, and may 
even be different for various sites of the same wound. As no 
wound is the same, a simple time schedule cannot be given. 
The knowledge about differences in healing between horses 
and ponies resulted in the awareness that the acute inflam¬ 
matory response should be encouraged, and not be sup¬ 
pressed under any circumstances. On the other hand, 
chronic inflammation has to be treated. Improving condi¬ 
tions for wound contraction has most effect on the speed of 
second intention healing and the final cosmetic result. Re¬ 
search is still required to develop new and better treatment 
methods in particular focusing on the inflammatory and con¬ 
traction phase. The use of inflammatory mediators and 
growth factors is promising. It is very unlikely that any new 
successful method will consist of only one therapy or a single 
factor. 
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